Background: We aimed to analyze prognostic factors for relapse in stage I seminoma managed by either active surveillance or adjuvant chemotherapy, and to describe the long-term patterns of recurrence in both groups.
so that late effects of any treatment are of upmost importance [3] . The availability of reliable prognostic factors for relapse would help to treatment individualization in order to minimize toxicity.
In 2002, Warde et al. published a pooled analysis of 638 patients with stage I seminoma managed by surveillance, and found that invasion of the rete testis and tumor size >4 cm were independent predictors of cancer relapse [4] . The Spanish Germ Cell Cancer Group (SGCCG) started in 1994 a series of riskadapted studies in this setting [5] . The second [6] and third [7] studies incorporated these prognostic factors in order to tailor the selective use of adjuvant carboplatin, thus indirectly validating their negative predictive value [8] . In contrast, other two recent publications could not confirm their clinical value in large series [9, 10] . In these studies, notably, information about the status of rete testis involvement was absent in many cases (33% and 100%, respectively).
The purpose of the present study was to analyze prognostic factors for relapse in stage I seminoma managed by either surveillance or adjuvant carboplatin. Mature, updated results of these three risk-adapted studies with a long-term follow-up were used to ensure a large population of patients treated with one of these two options. The pattern of recurrences and their clinical outcome was also evaluated in order to reinforce the efficacy of this individualized management approach.
patients and methods
Between 1994 and 2008, 744 consecutive patients with stage I seminoma were included in three prospective, SGCCG risk-adapted studies. Patient characteristics, treatment strategies, and clinical outcome have been previously published with median follow-up times of 52, 34, and 34 months, respectively [5] [6] [7] . In brief, after orchiectomy patients were staged by means of clinical history, physical examination, chest X-ray films, computed tomography (CT) of abdomen and pelvis, ultrasonography of the contralateral testicle, whole blood cell counts, and serum chemistries including lactate dehydrogenase, α-fetoprotein (AFP), and β-human chorionic gonadotropin (BHCG). Informed consent for this risk-adapted policy was attained before group allocation, and a central, prospective, and anonymized registration at the SGCCG data center was used. In the first study (initiated before the publication of the pooled analysis of Warde et al.) , patients with vascular invasion and/or >T1 tumors received adjuvant carboplatin (400 mg/m 2 for two cycles, 28 days apart) whereas those presenting without such risk factors were managed by surveillance. In the second study, the risk factors used for carboplatin administration were tumor size >4 cm and/or invasion of rete testis. In the third one, we restricted adjuvant chemotherapy to patients with both risk criteria. These latter two studies employed carboplatin at the standard dose nowadays (AUC 7 for two courses, every 21 days). Follow-up schedules for patients under surveillance and after adjuvant chemotherapy have been homogeneous throughout studies. In both groups, clinical history, physical examination, chest X-rays, AFP, and BHCG were scheduled at months 3, 6, 9, 12, 18, 24, 30, 36, 48, 60 , and 72 months after orchiectomy, and abdominal CT scans were carried out at 6, 12, 18, 24, 30, 36, 48, 60, and 72 months. After this time, patients were visited at the discretion of the attending physician. The recommended approach for tumor recurrences was chemotherapy with either four courses of etoposide and cisplatin (EP) [11] or three courses of conventional bleomycin, etoposide, and cisplatin (BEP) [1] , independently of the initial management and the time elapsed from orchiectomy. Here, we report updated results with a more prolonged follow- Table S1 , available at Annals of Oncology online). Median time to relapse in patients with tumor recurrence was 13.7 months (range, 3-138 months). Seventy-six percent of all relapses occurred in the first 2 years and 90.5% in the first 3.5 years. Six relapses (9.5% of recurrences, or 0.8% of all patients) occurred after 5 years (at 61, 62, 68, 98, 107, and 138 months). Recurrences were located at retroperitoneum (85.7%), pelvic nodes (6.3%), spermatic cord (1.6%), mesenterium (1.6%), and lung (1.6%), while raised BHCG levels was the only sign of relapse in two cases (3.2%).
Median tumor size at recurrence was 26.5 mm (range, 0-90 mm). Methods of detection were routine CT scans (74.6%), raised BHCG levels (20.6%), and symptoms of disease (4.8%). Salvage therapy was effective so that all patients were rendered disease-free with chemotherapy (92%), radiation therapy (5%), or surgery plus chemotherapy (3%). EP was employed in 48 patients whereas BEP was used in 10 cases. There were no significant differences in any of these clinical features between relapses occurred on surveillance and those detected after adjuvant carboplatin (supplementary Table S2 , available at Annals of Oncology online). The incidence of second malignancies, either testicular (5 versus 6 cases) or extragonadal (6 versus 6 patients), was also similar in both treatment groups (supplementary Table S3 , available at Annals of Oncology online). Table 1 depicts the univariate analysis of prognostic factors for relapse. As aforementioned, the incidence of recurrences was significantly lower in high-risk patients treated with adjuvant carboplatin than that observed in low-risk patients managed by surveillance. Among patients on surveillance, invasion of rete testis, tumor size >4 cm, and pT >2 attained statistical significance whereas histological subtype was of borderline significance. Multivariate analysis showed that invasion of rete testis and tumor size (continuous variable) were independent predictors of DFS. Considering patients treated with carboplatin, only invasion of rete testis was predictive of relapse in uni-and multivariate analyses. An interval between orchiectomy and start of adjuvant chemotherapy >60 days was associated with a higher risk of recurrence. In contrast, the method of carboplatin dose calculation (mg/m 2 versus AUC) was not related with the incidence of relapses (data not shown). In the whole series of patients with stage I seminoma, invasion of rete testis, adjuvant chemotherapy, patient age, and serum BHCG levels (the latter as continuous variables) were independent prognostic factors for relapse.
Thus, in a second step, a new predictive model was formulated. To avoid bias, only surveillance patients were included in the model. Vascular and rete testis invasion were included as dichotomous variables, while tumor size, age, and serum BHCG levels were considered as continuous variables. A Cox proportional hazard method-based model was developed to predict the occurrence of relapses at three years. The best model (AIC) included two clinical/pathological variables significantly associated with an increased risk of recurrence: presence of rete testis invasion (P < 0.001) and tumor size (P = 0.052). A nomogram was proposed that is available to predict an individual patient probability of DFS (Figure 1 ) . Both calibration and discrimination of the model were good, with no evident bias in the calibration plot and a Somers' Dxy = 0.28. DFS curves for all three studies are shown in Figure 2A . Actuarial DFS was significantly better for study II than for studies I and III at the expense of a greater percentage of patients treated with carboplatin (68% versus 30% and 33%, respectively). When combining studies II and III, the cumulative relapse rate among patients with no risk factors (tumor size <40 mm and no rete testis invasion) was 8.3%. Figure 2B shows the outcome of patients managed with either surveillance or adjuvant chemotherapy. No patient has died as a result of seminoma so that 5-year cause-specific survival is 100%.
discussion
There are now several acceptable management strategies for stage I testicular seminoma after orchiectomy: adjuvant radiotherapy, introduced in the 1950s; active surveillance with treatment reserved for those who relapse, introduced in the 1980s; and adjuvant chemotherapy with carboplatin, introduced in the 1990s. Cure rates are high for all strategies, with 5-year survival in experienced centers of 98%-100% [1] [2] [3] . However, the optimum management strategy remains controversial, and current patterns of care are highly variable among countries and specialists [10, [12] [13] [14] [15] . Radiotherapy use is clearly decreasing worldwide because it is associated with a low but significant risk of second malignancies; while surveillance is preferred in countries like Canada and Denmark, chemotherapy is more frequently used in Norway, Sweden, and Australia. The choice is a matter of patient and clinician preference, based on balancing toxicity and patient circumstance. Contemporary international guidelines increasingly recommend surveillance as the preferred management strategy for willing and able patients [8, [16] [17] [18] . A fourth treatment option is the risk-adapted approach. It is an entirely rational strategy because it avoids treatment-related morbidity for patients whose disease was cured by orchiectomy and restricts adjuvant therapy for those at a higher risk of relapse. As far as we know, only the SGCCG has prospectively tested this option [5] [6] [7] . Now, with mature data from 744 patients followed for more than 6 .5 years (range, 2-18 years), we can state that this approach is effective. Our 11.1% relapse rate compares favorably with the 15%-20% attained in the surveillance studies [3, 4, 10] , and the proportion of men treated with adjuvant therapy in our trials (46.8% overall) is significantly lower than in the studies of carboplatin or radiation therapy (100%). We have also demonstrated that the incidence of relapses among patients with no risk factors (tumor size <4 cm and no rete testis invasion) is only 8.3%. Mortality due to seminoma was zero in this multicenter setting. Furthermore, no significant differences in the pattern of recurrences or outcome were observed between patients on surveillance and those treated with adjuvant carboplatin. Late relapses do occur in both groups and, although curable, should be taken into account for designing follow-up strategies. Finally, with only 3.2% relapse rate in the subgroup of adjuvant carboplatin, comprehensive radiological surveillance may be avoided.
The incidence of second testicular neoplasms in our patients managed by surveillance was similar than in those who received adjuvant carboplatin (although latency time was shorter). This is in contrast with the significant reduction in the medium term of risk of second germ-cell tumors reported after chemotherapy in a randomized trial against radiotherapy [19] . Possible explanations are differences in follow-up schedules, patient numbers, and follow-up duration. Other primary cancers occurred with the same frequency in both groups and, although not formally addressed, no other late complications have been observed. This is in concordance with other studies with larger number of patients [19] or longer follow-up [20] in which no excess of overall mortality, deaths from circulatory disease or the incidence of second cancers (neither hematological nor solid nontestis tumors) was observed in stage I seminoma patients treated with adjuvant carboplatin. This study has several limitations. The first is that, although our database was maintained prospectively, this analysis was a retrospective, multicenter chart review of patients who were managed over a 15-year period and, thus, is subject to potential biases. Risk criteria for assigning patients to adjuvant chemotherapy varied between studies and length of follow-up is also different among them, which confers some heterogeneity. Another issue that needs to be considered when interpreting our results is the proportion of patients who were lost to follow-up. Because seminoma affects young men at the most mobile periods of their lives, it is not surprising that a significant proportion of our patients (19.8%) had <5 years of follow-up. Concern over the possibility that these men may have relapsed after they were lost to follow-up, thus, may have affected the results. However, this possibility is minimized by the fact that all men had >2 years of follow-up, a period in which most relapses occurred. A large randomized trial demonstrated that a single dose of carboplatin is equivalent to adjuvant irradiation for patients with stage I seminoma [19] . However, we decided to use two courses because only patients with risk factors we selected for adjuvant therapy. Furthermore, a dose-response relationship has been suggested for this drug in phase II and retrospective studies, resulting in a lower relapse rate with two (1.2%) versus one course (4.4%) [3] .
The main obstacle to the wide implementation of this riskadapted strategy is the absence of reliable prognostic factors for relapse. Several clinical and/or pathological features have been proposed in different series (tumor size, rete testis invasion, patient age, serum preochiectomy BHCG levels, invasion of blood or lymphatic vessels, pT staging), but none or a combination of them have been definitively validated [4, 9, 10, 15, 21, 22] (supplementary Table S4 , available at Annals of Oncology online). However, most analyses were limited by its retrospective nature and often missing data in a significant proportion of reports. In our series, all these parameters were prospectively collected and artificial cut points on continuous variables were avoided. Although a central pathological review was not carried out, local pathologist were highly trained and motivated. Furthermore, this better represents daily clinical practice. We can now confirm the independent prognostic value of rete testis invasion and tumor size. The proposed new nomogram may be of help to oncologists for patient information and tailored management. Of course, this model needs prospective validation and testing in a different cohort of patients.
In conclusion, a risk-adapted approach is feasible for patients with stage I seminoma. Long-term results compare favorably with other established treatment options. Although the incidence of recurrences is significantly different, the pattern of relapses and outcomes are similar after adjuvant carboplatin than on active surveillance. A simple predictive model combining rete testis status and tumor size can estimate the individual probability of DFS and help to decide on the administration of adjuvant carboplatin therapy, thus eluding systematic (i.e. not individualized) treatment approaches. Future studies of molecular tumor characteristics or gene signatures and improved imaging techniques may help to define the best approach to the management of stage I seminoma.
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